6.7 Parallel flow of atmospheric air over a flat plate of
length L = 3 m is disrupted by an array of stationary
rods placed in the flow path over the plate.
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Laboratory measurements of the local convection coef-
ficient at the surface of the plate are made for a pre-
scribed value of V and T, > T.. The results are
correlated by an expression of the form h, = 0.7 +
13.6x — 3.4x%, where h, has units of W/n - K and x is
in meters. Evaluate the average convection coefficient
h;, for the entire plate and the ratio h,/h; at the trailing

edge.
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PROBLEM 6.7

KNOWN: Distribution of local convection coefficient for obstructed parallel flow over a flat
plate.

FIND: Average heat transfer coefficient and ratio of average to local at the trailing edge.
SCHEMATIC:

- h=07+13.6x-34x2
= R BRI
To,V —F

D—" p-em—

ANALYSIS: The average convection coefficient is

L
Iy =% jDL hxdx=%J'0 (0.7+13.6x—3,4x2)dx

by, =%(0.7L+ 6.812 _1.13L3] =0.7+6.8L-1.13L2

Ty, =0.7+6.8(3)-1.13(9) =10.9 W/n? - K. <
The local coefficient at x = 3mis

hy, =0.7+13.6(3)3.4(9) =10.9 W/m? -K.
Hence,

Ry /hy, =1.0. <

COMMENTS: The result hy /hy, =1.0 is unique to X = 3mand is a consequence of the
existence of a maxirmum for hy(x). The maximum occurs at X = 2, where

(dhxfchc)=0arﬂ(d2hx/cb:2 <o.)
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6.10 Experiments have been conducted to determine local
heat transfer coefficients for flow perpendicular to a
long, isothermal bar of rectangular cross section. The
bar is of width ¢, parallel to the flow, and height d, normal
to the flow. For Reynolds numbers in the range 10* <
Re; = 5 X 10% the face-averaged Nusselt numbers are
well correlated by an expression of the form

Nuy = hd | k= CRe} Pr'

The values of C and m for the front face, side faces, and
back face of the rectangular rod are found to be the

following:

Face cd C m
Front 0.33=c¢d=133 0.674 1/2
Side 0.33 0.153 2/3
Side 1.33 0.107 2/3
Back 0.33 0.174 2/3
Back 1.33 0.153 2/3
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PROBLEM 6.10

KNOWN: Expression for face-averaged Nusselt numbers ona cylinder of rectangular cross
section. Dimensions of the cylinder.

FIND: Average heat trarsfer coefficient over the entire cylinder. Plausible explanation for
variations in the face-averaged heat transfer coefficients.

SCHEMATIC: ——C=40mm —p
Air —_— I
V=10mfs —» d=30mm
T.=300K — 5 l

ASSUMPTIONS: (1) Steady-state conditiors, (2) Constant properties.

PROPERTIES: Table A.4, air (300 K): k = 0.0263 W/mK, v = 1.589 x 10° n#/s, Pr= 0.707.

ANALYSIS:
For the square cylinder, ¢/d = 40 mny30 mm= 1.33
Vd _ 10msx30x10° m

Re, = — = = 18,880
TV 1589 %105 s

Therefore, for the front face C = 0.674, m= '~ Forthe sides, C = 0.107, m = 2/3 while for the
back C = 0.153, m= 2/3.

Front face;
Nuyy = 0.674 x 18,880"2x 0,707 = 82.44
F, = KNug _ 0.0263 Wim K x 82.44

d 30x 10 m

=72.27 Wimé -K

Side faces:
Nuy = 0.107 x 18,880%*x 0.707' = 67,36

F, - WUy, _ 00263 Wim K x 67.36
d 30x103 m

=59.05 W/m? . K

Back face:
Nugp, = 0.153 x 18,880%3x 0,707' = 96.43

K = KNuyy, _ 0.0263 W/m-K x 96.43
o d 30x 10 m

= 84.54 Wm? - K

Continued.,,
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6.11 Expenments to determine the local convection heat
transfer coefficient for uniform flow normal to a heated
circular disk have yielded a radial Nusselt number dis-
tribution of the form

Nuy, = h(r% = Nuy, [1 + a(rﬁn)n]

where both n and a are positive. The Nusselt number at
the stagnation point is correlated in termms of the
Reynolds (Re,, = VD/v) and Prandtl mumbers

_hr=0)D

Nify = = —— = 0.814Re? Pr
jo—L—
-
174 fo
—_—
T L T }-—
—_—
e &
'— TS

Obtain an expression for the average Nusselt number,
Nu, = hDJk corresponding to heat transfer from an
isothermal disk. Typically, boundary layer development
from a stagnation point yields a decaying convection
coefficient with increasing distance from the stagnation
point. Provide a plausible explanation for why the oppo-
site trend is observed for the disk.
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PROBLEM 6.11
KNOWN: Radial distribution of local convection coefficient for flow normal to a circular

disk
FIND: Expression for average Nusselt number.
SCHEMATIC:
Nup = Nu,[L+a( r/ro)";
o Nu,=0.814Re "2 Pr%
o
—_—
vV —
— D

ASSUMPTIONS: Constant properties.
ANALYSIS: The average convection coefficient is

-1

h:A—s‘(ASMAS

h= —j:] %Nuo [1+ a(rflb)n]Z.r rdr

kNuc,[rz_l_ a2 r
2 (n+2)g .

where Nu, is the Nusselt number at the stagnation point (r= 0). Hence,

D (mo)z X (2 o
Nuy, =T=2Nuo[ > +(n+2)£g} L
Nup, =Nug[1+ 2a/(n+2) ]

Nup <[ 1+2a/(n+2)]0.814Re}j2Pr, <
COMMENTS: The increase in h(r) with r may be explained in terms of the sharp tum which
the boundary layer flow must make around the edge of the disk. The boundary layer'
accelerates and its thickness decreases as it makes the turn, causing the local corvection
coefficient to increase.
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6.30 To assess the efficacy of different liquids for cooling an
object of given size and shape by forced convection, it is
corwvenient to introduce a figure of merit, F ., which comt
hines the influence of all pertinent fluid properties on the
convection coefficient. If the Nusselt mumber is governed
by an expression of the form, Nu; ~ Re]'Pr", obtain the
corresponding relationship between Fr and the fluid
properties. For representative values of m= 0.80 and
n=0.33, calculate values of Fr for air (k= 0.026
Wm-K, v=1.6 X 107> /s, Pr = 0.71), water (k=
0.600 W/m- K, » = 10~® mé/s, Pr = 5.0), and a dielec-
tric liquid (k = 0.064 W/m- K, v = 10~° né/s, Pr = 25).
What fluid is the most effective cooling agent?
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PROBLEM 6.30
KNOWN: Formof the Nusselt nurmber correlation for forced convection and fluid properties.

FIND: Expression for figure of merit Fy and values for air, water and a dielectric liquid.

PROPERTIES: Prescribed. Air: k= 0.026 WimK, v = 1.6 x 10° /s, Pr= 071, Water: k=
0.600 W/imK, v = 10°® /s, Pr= 5.0. Dielectric liquid: k= 0.064 WK, v = 10° s, Pr= 25

ANALYSIS: With Nu, ~ RE}J“ Prl', the convection coefficient rmay be expressed as

hmz(ﬁ}‘“w”ﬂ[mﬂ}

L\ v Ll_ m p‘m

The figure of merit is therefore

Fp=XEC <

V

and for the three fluids, withm= 0.80 andn= 0.33,

FF(W.SG-%@-B.K) Alr - Water Dielectric <
167 64,400 11,700

Water is clearly the superior heat transfer fluid, while airis the least effective,

COMMENTS: The figure of merit indicates that heat transfer is enhanced by fluids of large k, large
Prand small v.
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6.32 The defroster of an automobile functions by discharg-
Ing warm air on the inner surface of the windshield. To
prevent condensation of water vapor on the surface, the
termperature of the air and the surface corwvection coeffi-
cient (T..;, h) must be large enough to maintain a sur-
face temperature T, ; that is at least as high as the
dewpoint (Ty; = Tgy).

Tk ey
= Tso I Ts,i

Consider a windshield of length L = 800 mim and
thickness ¢ = 6 mm and driving conditions for which
the vehicle moves at a velocity of V= 70 mph In
ambient air at T, , = —15°C. From laboratory expen-
ments performed on a model of the vehicle, the aver-
age convection coefficient on the outer surface of the
windshield is known to be correlated by an expression
of the form Nu; = 0.030 Re?8 Pr', where Re, =
VL/v. Properties of the ambient air may be approxi-
mated as k= 0.023 W/m: K, v = 12.5x107° /s,
and Pr = 0.71. If Ty, = 10°C and T..; = 50°C, what
is the smallest value of h; required to prevent condert
sation on the inner surface?
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PROBLEM 6.32

KNOWN: Ambient, interior and dewpoint temperatures. Vehicle speed and dimensions of
windshield Heat transfer correlation for external flow.

FIND: Minimum value of convection coefficient needed to prevent condensation on interior surface
of windshield.

SCHEMATIC:

T5.>1OC T T

AW AEAA —

/!/d /Jf w 11he  thkg 1Ry

t=6mm \*4:\ L = 800 mm

ASSUMPTIONS: (1) Steady-state, (2) One-dimensional heat transfer, (3) Constant properties.

PROPERTIES Table A-3, glass: kg = 1.4 WmK. Prescribed, air: k= 0.023 W/mK, v =12.5 x
10 mjs,Pr 0.70.

ANALYSIS: From the prescribed thermal circuit, conservation of energy yields
Tri-Tsi  Tsi-Two

/by t/kg+1/hg
where h, may be obtained from the correlation

Mo, < Dol 08 p,1/3
Nuy ==0~ = 0.030Re}* Pr'

With V = (70 mph x 1585 mymile)/3600 s/h = 30.8 /s, Rep = (30.8 s x 0.800 m)/12.5 x 10°° /s
=1.97 x 10° and
= 0.023W/mK
flo = 0.800 m
From the energy balance, with Tg; = Tgp = 10°C

i (TSI—TM)( L, 1 ]‘1

08
0.030(1.97x10%) " (0.70)"® = 83.1W/ - K

(Tool_TSI) kg hy
-1
_ (10+15)°C{ 0.006 m 1
1= {(50-10)°C| 14W/mK " 831w/ m2 K

hj =38.3W/m? K <

COMMENTS: The output of the fan in the autormohile’ s heater/defroster system must mainfain a
velocity for flow over the inner surface that is large enough to provide the foregoing value of k. In

addition, the output of the heater must be sufficient to maintain the prescribed value of T at this
velocity.
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6.50 An industrial process involves the evaporation of water
from a liquid film that forms on a contoured surface.
Dry air is passed over the surface, and from laboratory
measurements the convection heat transfer correlation

is of the form
Nu; = 0.43Re}>® pro4

(a) For an air temperature and velocity of 27°C and
10 m/s, respectively, what is the rate of evapora-
tion from a surface of 1-m? area and characteristic
length L = 1 m? Approximate the density of satu-
rated vapor as p, ¢ = 0.0077 kg/mrr.

(b) What is the steady-state temperature of the liquid
film?
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PROBLEM 6.50
KNOWN: Convection heat transfer correlation for flow over a contoured surface.
FIND: (a) Evaporation rate froma water filmon the surface, (b) Steady-state film termperature.

SCHEMATIC:;
geva ——
P__ === Water film, T,
3GOK. QCOH\X f === ﬂ:u:;.#:;;“
V IOm/s 2Z
p=latm ‘-3 L=tm

ASSUMPTIONS: (1) Steady-state conditions, (b) Constant properties, (c) Negligible radiation, (c)
Heat and rmass transfer analogy is applicable.

PROPERTIES: Table A-4, Air(300K, latm) k=0.0263 WimK, v = 15. 89x10- m fs,Pr 0.707,

Table A-6, Water('[‘..; ~ 280K): vy = 130. Iy /kg, hig = 2485 K] /kg; Table A-8, Water-air (T ~ 298K):
DaB =0. 26><10 m /S

ANALYSIS: (a) The mass evaporation rate is
mevap =Np =hpy A[PA,S&t(TS} $o PA sat( )J hn A PA,sat(Ts)
Fromthe heat and rress transfer arelogy: ~~~ Shy, =0.43 Re*™8 504

VL _ (10ms) Im v 15.89x10 5md/s

=6.29x10°  Sc=

Rep =— = - = 0.61
v 15.39x10§§§2 s DaB  26x105m?/s
Shr, -043(629x10°) ~ (0.61)%* =814
a 4
B DLﬂshL _ 0'26"110 '/ 5 (814)=0.0212 s
1
pasat(Ts) = Vg (Tg) ™ = 0.0077 kg/e®.
Hence, Meyap = 0.0212m's x 1m? x0.0077kg/m?® =1.63x10™4kgs. <
(b) Froma surface energy balance, Qeony = Qevap, OF
Trfvaphis
by, (T, ~Ts) = yaph, Tssz—(—I—lL—-
_ 058 -
With NuL, = 0.43(6.29x105) (0.707)>4 = 864
By = %N_L 0.0263 WIm-K ges _ 2 7 Wim? K.
1.63x10*4kgjs-m2(2.485x105 ]/kg)
Herce, Ts = 300K - = 282.2K. <

22.7 Wir? - K
COMMENTS: The saturated vapor dersity, pA sat, is strongly temperature dependent, and if the

initial guess of T needed for its evaluation differed from the above result by more than a few degrees,
the density would have to be evaluated at the new temperature and the calculations repeated.

Scanned by CamScanner



